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INTRODUCTION 
The recent development of refined molecular tools to study gene structure and 
function, as well as the availability of genetic transfbrmation methods for all kinds 
of organisms, including plants, has lent new vigor to the investigation of plant 
defense mechanisms, a subject with a long and distinguished tradition. 
A variety of approaches are being followed by molecular biologists to analyze 
plant responses to pathogens and pests. Three of these emerge as predominant: 
i) From disease to relevant molecules, a strategy that involves challenging a plant 
with a pathogen or pest, identifying the plant genes that are switched on in 
response to the challenge, and attempting to correlate the functional properties of 
at least some of these genes with a defense role, ii) From disease resistance to 
relevant molecules, an approach based on finding cosegregation of a resistance 
gene and certain molecular features in a near-isogenic background. iii) From 
molecules with toxic or deterrent properties to enhanced resistance, an 
approximation which implies the construction of an agronomic trait out of the 
known activities of appropriate molecules and their corresponding genes. 
It is not pertinent here to discuss the relative merits of these strategies, which 
are not mutually exclusive. My aim is rather to examine to what extent they have 
allowed the identification of possible defense molecules in barley and related 
species. Because of circumstantial and/or objective reasons, monocots, in general, 
and barley, in particular, have not been the plant systems where some of the 
original studies have been carried out. However, for obvious reasons a significant 
part of recent interest is focusing on them. Plant defense mechanisms are still far 
from being elucidated (see Bowles 1990), so this non-comprehensive review will 
have the more modest objective of summarizing some relevant information 
concerning possible defense molecules in barley and its cióse relatives. 
TYPES OF MOLECULES 
Types of molecules whose in vitro properties and/or physiological behaviour 
suggest possible involvement in defense and are present in barley or in 
closely-related species are Usted in Table I. Most of these, but not all, are proteins 
that show toxic or inhibitory activities towards heterologous systems or whose 
genes are induced when challenged with pathogens or pests. 
Pathogenesis-related (PR) proteins induced in plants infected with pathogens 
Table I. Possible defense molecules in barley 
Type 
Chitinases 
Glucanases 
RIP 
Inhibitors 
Variants 
C 
T 
K 
PR3 
GI-GVI 
>1 
BASI 
CI-1 
CI-2 
Active against 
fungí 
•• 
fungí 
ribosomes 
fungí 
subtilisin 
ct-amylase endogenous 
chymotrypsin 
subtilisin 
Loca tío n 
Endosperm 
Aleurone 
Cell suspensión 
Leaves 
Endosperm 
Leaves 
Cell suspensión 
Roots 
Endosperm 
Endosperm 
Endosperm 
PR5 Leaves 
Thionin I 
Thionin II 
Thionin V 
PR Proteins 
Lectins 
Hydroxamic 
BMAI-1 
BDAI-1 
BTAI-CMa 
BTAI-CMb 
BTAI-CMd 
BTI-CMc 
BTI-CMe 
a 
P 
DB4 
DG3 
DG4 
TTHV 
PR1 & others 
? 
acids 
monomeric, 
dimeric, 
tetrameric 
trypsin 
bacteria 
and fungi 
bacteria 
and fungi 
? 
Heterologous 
a-amylases 
(insects) 
Endosperm 
Endosperm 
Endosperm 
Leaves 
Endosperm 
Leaves 
Germ ? 
Ubiquitous 
or treated with chemicals, are extractable at low pH and predominantly appear in 
the intracellular spaces (see Van Loon, 1985). These proteins have been most 
intensively studied in dicots and only recently have they bcen identified in 
monocots and, more specifically, in barley, where proteins corresponding to PR1 
and PR5 from tobáceo have been found (White et al. 1987; Bryngelson et al. 1988; 
Bryngelson and Green 1989). Up to ten PR proteins have been isolated from 
maize,four of which have been identified as chitinases and two as 1-3-P-
glucanases (Nasser et al. 1988, 1990). These hydrolases have been reported to 
inhibit fungal growth in vitro (Schlumbaum et al. 1986; Mauch et al. 1988). Barley 
and wheat have both chitinases (Roberts and Selitrennikoff 1986; Leah et al. 1987, 
1991; Broekaert et al. 1988; Swegle et al. 1989; Jacobsen et al. 1990; Ride and Barber 
1990; Kragh et al. 1991) and l,3-(i-glucanases (Ballance amd Svendsen 1988; Hoj 
et al. 1988, 1989; Sock et al. 1990; Kragh et al. 1991; Leah et al. 1991) in various 
tissues, specially in endosperm, and under different physiological situations. 
A complex class of possible defense-related proteins is represented by plant 
proteinaceous inhibitors of proteases and a-amylases of heterologous systems (see 
García-Olmedo et al. 1987). These were classified into 11 families or types of which, 
more than half were represented in cereals. The activity in vitro and in vivo of 
some of these inhibitors versus insect enzymes and wholc inseets has been 
recently reviewed (García-Olmedo et al. 1991). 
The thionins are 5 kDa polypeptides, which are cysteine-rich and whose 
toxicity to plant pathogens was reported long ago (Fernandez de Caleya et al. 
1972). Different structural types and several genetic variants of cach have bcen 
described in barley, as well as in other taxa (see García-Olmedo et al. 1989, 1991, 
1992). A 30 kDa ribosome-inactivating protein (RIP) from barley, related to ricin 
and tritin, has antifungal activity (Asano et al. 1986; Leah et al. 1991). 
Some possible defense proteins characterized in wheat have not yet bcen 
identified in barley. This is the case, for example, of wheat germ agglutinin 
(Smith and Raikhel 1989; Huesing et al. 1991) and a pathogen-induced protein 
which is homologous to glutathione-S-transferase (Dudler et al. 1991). 
No evidence of phytoalexins exhibiting a defense function in cercáis is 
available, but in contrast, lignification seems to play a key role in the 
hypersensitive reaction (Moerschbacher et al. 1990). Thus, specific suicidal 
inhibitors of the lignification pathway, applied prior to inoculation of resistant 
wheat with stem rust, decreased the frequeney of necrotic host cells and led to 
increased fungal growth (Moerschbacher et al. 1990). 
Among non-protein defense-related molecules in cereals, hydroxamic acids 
have received particular attention (see Niemeyer 1988). These compounds are 
active against pathogens and other organisms, but an unequivocal link to defense 
mechanisms in vivo is still lacking (Niemeyer 1988). 
Cloning of cDNAs corresponding to mRNAs induced during infection is an 
approach which is actively pursued at present, as, for example, in the resistant 
bar ley /powdery mildew interaction (Davidson et al. 1987). 
The more relevant types of molecules alluded to above will be discussed in 
the following paragraphs, with special emphasis on their plant-dcfense properties 
in vitro and/or in vivo. 
CHITINASES A N D 1,3-p-GLUCANASES 
A 28 kDa protein from barley endosperm (protein C) with antifungal 
properties (Roberts and Selitrennikoff 1986) was subsequently found to be an 
endochitinase (Leah et al. 1987). A closely similar one was identified in barley 
aleurone (Swegle et al. 1989), which was later identified as the antifungal basic 
chitinase T. It is a 33 kDa protein with a 23 amino acid extensión at the 
N-terminal domain that was not present in chitinase C and was homologous (73% 
identity) with the B domain of wheat germ lectin and the N-terminal of a chitinase 
from bean leaves (Jacobsen et al. 1990). What seems to be an isoform of chitinase 
C, designated CHI26 has been recently reported by Leah et al. (1991). Suspensión 
cultures of barley secrete chitinases T and C and a third chitinase, designated K, 
which is also present in the barley grain (Kragh et al. 1991). The first chitinase, 
PR3, has been described in barley leaves (Bryngelson et al. 1991), and four major 
forms have been recently purified from wheat leaves (Ride and Barber 1990). Two 
1,3-fJ- endoglucanases, designated GI and Gil, have been purified and their 
corresponding cDNAs cloned from barley seeds (Hoj et al. 1988,1989; Ballance and 
Svendsen 1988; Leah et al. 1991). One of them, Gil, has been identified among 
secreted proteins in suspensión cultures (Kragh et al. 1991). More recently, up to 
six 1,3-p-endoglucanases (GI-GVI) have been identified and their differential 
expression pattern has been studied (Slakeski etál. 1991). No investigation of their 
induction in barley leaves seems to be available, but these cnzymes have been 
shown to be elicited in wheat leaves both abiotically and by stem rust infection 
(Sock et al. 1990). 
In line with previous observations with other chitinases and 1,3-P-glucanases 
(Mauch et al. 1988), Leah et al. (1991) have shown synergism between the two 
types of barley enzymes in their inhibitory activity against fungal pathogens in 
vitro. Furthermore, they have shown synergism between these enzymes and the 
ribosome-inactivating protein. 
PROTEINACEOUS INHIBITORS OF PROTEASES A N D a-AMYLASES 
Inhibi tor families 
The Kunitz (STI) family includes inhibitors of serine proteinases and 
endogenous a-amylases (see García-Olmedo et al. 1987) and is represented in 
barley by an inhibitor, designated BASI, which inhibits subtilisin and type-2 
endogenous ct-amylase (Mundy et al. 1984; Svendsen et al. 1986). 
Double-headed and single-headed trypsin inhibitors from wheat germ (Odani 
et al. 1986) are homologous to the well characterized double-domain Bowman-Birk 
inhibitors from the Leguminosae, which inhibit trypsin and chymotrypsin. 
Occurrence of these inhibitors in barley germ has not been demonstrated, but can 
be considered as likely. 
Two inhibitors of barley endosperm, CI-1 and CI-2, which are homologous to 
the potato inhibitor I, have been well characterized (Jonassen and Svendsen 1982). 
Both of them inhibit chymotrypsin and subtilisin, but CI-1 has a single reactive 
site for the two enzymes and CI-2 has one site for chymotrypsin and two for 
subtilisin. 
Bryngelson and Green (1989) have characterized a pathogenesis-related, 
thaumatin-like protein, designated PR-5 which is induced in barley leaves when 
challenged with an incompatible race of mildew. This protein is homologous with 
PR-5 from tobáceo and is also related to an inhibitor of porcine pancreatic 
a-amylase from Eleusine coracana (Campos and Richardson 1984) and to the sweet 
protein thaumat in II. A second barley protein, designated PAPI, is more distantly 
related (Svensson ct al. 1986). 
The cereal t ryps in /a-amylase inhibitor family is perhaps the most diversified 
among those in barley (Table I), as it includes both trypsin inhibitors and the 
subunits of monomeric, dimeric and tetrameric inhibitors of heterologous 
a-amylases (see García-Olmedo et al. 1987, 1991, Sanchez-Monge et al. 1988). 
These inhibitors are encoded by a multigene family which is dispersed o ver 
several chromosomes in both wheat and barley. 
Defense properties of the inhibitors 
It is difficult to speculate about the natural targets for the rich arsenal of 
potential weapons represented by the above inhibitors. The last family's activity 
against the a-amylases from inseets suggested long ago its possible role in pest 
control. Thus, monomeric and dimeric a-amylase inhibitors show different 
specificity versus the a-amylases from human saliva and from the digestive tract 
of the insect Tenebrio molitor. The tetrameric inhibitors seem to be active against 
the a- amylase from the insect but not from the salivary (Sanchez-Monge et al. 
1986; Gómez et al. 1989). Furthermore, different insect a-amylases are 
discriminated by the inhibitors: i.e. the enzyme from T. molitor is more scnsitivc 
to monomeric than to dimeric types and the opposite is true for the origine from 
Leptinotarsa decemlineata (colorado potato beetle); still for other insect enzymes, 
both types of inhibitors are about equally effective (Gutiérrez et al. 1990). 
Inseets that are able to feed on cereal endosperm have unusually high levéis 
of a-amylase (Silano et al. 1975; Gutiérrez et al. 1990). Other inseets, such as 
Callosobruchus maculatus are sensitive to low inhibitor concentrations in the diet 
(Gatehouse et al. 1986). More recently, transgenic tobáceo plants carrying chimeric 
genes encoding a-amylase and trypsin inhibitors from this family have been 
found to be lethal to Agrotis Ípsilon and Spodoptera littoralis in a leaf-disc assay 
(Carbonero et al. unpublished). 
THIONINS 
Types present 
The thionins are polypeptides of about 5 kDA, which have three or four 
disulphide bridges and are toxic to plant pathogens (García-Olmedo et al. 1989, 
199la,b). Out of five structural thionin types into which all the known sequences 
of this family can be classified (García-Olmedo et al. 1992), three of thcm (I, II, V) 
are represented by one or more genetic variants in barley and wheat. Typc I 
corresponds to the original endosperm thionins. Thionins of this type have four 
disulphide bridges and are highly basic (see García-Olmedo et al. 1992). Typc \\ 
correspond to the leaf thionins, which are structurally very similar to those of typc 
I (Gausing 1987; Bohlman and Apel 1987). Type V thionins have three disulphide 
bridges and very few charged amino acids. They are also in the endosperm (A 
Castagnaro, unpublished). 
Thionins of types I and V accumulate in endosperm during the first half of its 
developmental period, while those of type II are synthesized in ethiolated leaves 
or in green leaves under stress conditions (Bohlman et al. 1988; Ebrahim-Nesbat 
et al. 1989). 
Defense properties of thionins 
The toxicity of thionins towards different kinds of organisms and to cells in 
culture has been investigated for several decades (see García-Olmedo et al. 
199la,b). Plant pathogenic bacteria of the genera Pseudomonas, Xanthomonas, 
Agrobacterium, Erwinia and Corynebacterium are sensitive to thionin (Fernandez de 
Caleya et al. 1972 and unpublished). In a recent survey, sensitivity of fungal 
pathogens to puré genetic variants was in the 10" M-10 M range (García-Olmedo 
et al. 1991a,b; Molina and Fraile, unpublished). We have obtained transgenic 
tobáceo plants constitutively expressing the a-thionin gene from barley. These 
plants show enhanced resistance to the bacterial pathogens Pseudomonas 
solanacearum and P. syñngae pv. tabaci. 
ACKNOWLEDGEMENTS 
This work was supported by the Fundación Ramón Arcces and by Grants 
BIO90-0084 and BIO88-0216 from the Plan Nacional de Investigación Científica y 
Técnica. 
REFERENCES 
Asano, Kv Svensson, Bv Svendsen, I., Poulsen, F.M. and Roepstorff, P. (1986) The 
complete primary structure of protein synthesis inhibitor II from barley seeds. 
Carlsberg Res. Commun. 51, 129-141. 
Ballance, G.M. and Svendsen, I. (1988) Purification and amino acid sequencc 
determinaron of an endo-1,3- p-glucanase from barley. Carlsberg Res. 
Commun. 53, 411-419. 
Bohlmann, H. and Apel, K. (1987) Isolation and characterization of cDNAs coding 
for leaf-specific thionins closely related to the endosperm-specific 
hordothionin of barley (Hordeum vulgare L.). Mol. Gen. Gcnct. 207, 446-454. 
Bohlmann, H., Clausen, S., Behnke, S., Giese, H., Hiller, C , Reiman-Philipp, U., 
5chrader, G., Barkholt, V. and Apel, K. (1988) Leaf-specific thionins of barley 
- a novel class of cell wall proteins toxic to plant- pathogenic fungi and 
possibly involved in the defense mechanism of plants. EMBO J. 7, 1559-1565. 
Bowles, D.J. (1990) Defense-related proteins in higher plants. Annu. Rev. Biochem. 
59, 873-907. 
Broekaert, W.F., van Parijs, J., Alien, A.K., Peumans, W.J. (1988) Comparison of 
some molecular, enzymatic and antifungal properties of chitinases from 
thorn-apple, tobáceo and wheat. Physiol. Mol. Plant Pathol. 33, 319-331. 
Bryngelsson, T. and Green, B. (1989) Characterization of a pathogenesis-related, 
thaumatin-like protein isolated from barley challenged with an incompatible 
race of mildew. Physiol. Mol. Plant Pathol. 35, 45- 52. 
Bryngelsson, T., Gustafsson, M., Ramos Leal, M. and Bartonek, E. (1988) Induction 
of pathogenesis-related proteins in barley during the resistance reaction to 
mildew. J. Phytopathology 123, 193-198. 
Bryngelsson, T., Green, B. and Gustafsson, M. (1991) A PRl-type of pathogenesis 
related proteins isolated from mildew-infected barley. Barley Genetics VI, I, 
579-580. 
Campos, F.A.P. and Richardson, M. (1984) The complete amino acid sequence of 
oc-amylase inhibitor 1-2 from seeds of ragi (Indian finger millet; Eleusine 
cor ácana) FEBS Lett. 167, 221-225. 
Davidson, A.D., Manners, J.M., Simpson, R.S. and Scott, KJ. (1987) cDNA cloning 
of mRNAs induced in resistant barley during infection by Erysiphe graminis 
f.sp. Horda. Plant Mol. Biol. 8, 77-85. 
Dudler, R., Hertig, C , Rebmann, G., Bull, J. and Mauch, F. (1991) A 
pathogen-induced wheat gene encodes a protein homologous to 
gentathione-s-transferase. Mol. Plant-Microbe Interactions 4, 14-18. 
Ebrahim-Nesbat, F., Behnke, S., Kleinhofs, A. and Apel, K. (1989) Cultivar-relatcd 
differences in the distribution of cell-wall-bound thionins in compatible and 
incompatible interactions between barley and powdery mildew. Planta 179, 
203-210. 
Fernández de Caleya, R., González-Pascual, B., García-Olmedo, F. and Carbonero, 
P. (1972) Susceptibility of phytopathogenic bacteria to wheat purothionins in 
vitro. Appl. Microbiol. 23, 998-1000. 
García-Olmedo, F., Salcedo,,. G., Sanchez-Monge, R., Gómez, L., Royo, J. and 
Carbonero, P. (1987) Plant proteinaceous inhibitors of proteinases and a-
amylases. Oxford Surveys of Plant Mol. Cell Biol. 4, 275-334. 
García-Olmedo, F., Rodriguez-Palenzuela, P., Hernández-Lucas, C , Ponz, F., 
Maraña, C , Carmona, M.J., Lopez-Fando, J., Fernandez, J.A. and Carbonero, 
P. (1989) The thionins: a protein family that includes purothionins, viscotoxins 
and crambins. Oxford Surveys of Plant Mol. Cell Biol. 6, 31-60. 
García-Olmedo, F., Salcedo, G., Sanchez-Monge, R., Hernández-Lucas, C , 
Carmona, M.J., Lopez-Fando, J.J., Fernández, J.A., Gómez, L., Royo, J., 
García-Maroto, F., Castagnaro, A. and Carbonero, P. (1991) Alpha-
amylase/trypsin inhibitors and thionins. Possible defense proteins from 
barley. (P. Shewry, ed.). CAB International (in press). 
García-Olmedo, F., Carmona, M.J., Lopez-Fando, J.J., Fernández, J.A., Castagnaro, 
A., Molina, A., Hernández Lucas, C. and Carbonero, P. (1992) Characterization 
and analysis of thionin genes. In Boller, Th. and Meins, F. (cds) Plant Gene 
Research Series: Genes Involved in Plant Defense. Springer Verlag, in press. 
Gatehouse, A.M.R., Fenton, K.A., Jepson, I. and Pavey, DJ. (1986) The effects of 
a-amylase inhibitors on insect storage pests: inhibition of a-amylase in vitro 
and effects on development in vivo. J. Sci. Food Agrie. 37, 727-734. 
Gausing, K. (1987) Thionin genes specifically expressed in baley leaves. Planta 171, 
241-246. 
Gómez, L., Sanchez-Monge, R., García-Olmedo, F. and Salcedo, G. (1989) Wheat 
tetrameric inhibitors of insect cc-amylases: alloploid heterosis at the molecular 
level. Proc. Nati. Acad. Sci. USA 86, 3242- 3246. 
Gutiérrez, C., Sanchez-Monge, R., Gómez, L., Ruiz-Tapiador, M., Castañera, P. and 
Salcedo, G. (1990) a- Amylase activities of agricultural insect pests are 
specifically affected by different inhibitor preparations from wheat and barley 
endosperms. Plant Sci. 72, 37-44. 
Hoj, P.B., Slade, A.M., Wettenhall, R.E.H. and Fincher, G.B. (1988) Isolation and 
characterization of a 1,3-P-glucan endohydrolase from germinating barley 
(Hordeum vulgare): amino acid sequence similarity with barley (1-3, 
l-4)-P-glucanases. FEBS Lett. 230, 67-71. 
Hoj, P.B., Hartman, D.J., Morrice, N.A., Doan, D.N.P. and Fincher, G.B. (1989) 
Purification of 1,3-p-glucan endohydrolase isoenzyme II from germinated 
barley and determination of its primary strueture from a cDNA clone. Plant 
Mol. Biol. 13, 31-42. 
Huesing, J.E., Murdock, L.L. and Shade, R.E. (1991) Effect of wheat germ isolectins 
on development of cowpea weevil. Phytochem. 30, 785-788. 
Jacobsen, S., MikkelsenJ.D. and HejgardJ. (1990) Characterization of two 
antifungal endochitinases from barley grain. Physiol. Plant. 79, 554-562. 
Jonassen, I. and Svendsen, I. (1982) Identification of the reactive sites in two 
homologous serine proteinase inhibitors isolated from barley. Carlsberg Res. 
Commun. 47, 199-203. 
Kragh, K., M., Jaconsen, S., Mikkelsen, J.D. and Nielsen, K.A. (1991) Purification 
and characterization of three chitinases and one 1,3-p-glucanase accumulating 
in the médium of cell suspensión cultures of barley (Hordeum vulgare L.). Plant 
Sci. 76, 65-77. 
Leah, R., Mikkelsen, J.D., Mundy, J. and Svendsen, I. (1987) Identification of a 
28,000 dalton endochitinase in barley endosperm. Carlsberg Res. Commun. 52, 
31-37. 
Leah, R., Tommerup, H., Svendsen, I. and Mundy, J. (1991) Biochemical and 
molecular characterization of three barley seed proteins with antifungal 
properties. J. Biol. Chem. 266, 1564-1573. 
Mauch, F., Mauch-Mani, B. and Boller, T. (1988) Antifungal hydrolases in pea 
tissue II. Inhibition of growth by combinations of chitinase and 
1,3-P-glucanase. Plant Physiol. 88, 936-942. 
Mundy, } . , Hejgaard, J. and Svendsen, I. (1984) Characterization of a bifunctional 
wheat inhibitor of endogenous a-amylase and subtilisin. FEBS Lett. 167, 
210-214. 
Moerschbacher, B.M., Noli, U., Gorrichon, L. and Reisener, H.-J. (1990) Specific 
inhibition of lignification breaks hypersensitive resistance of wheat to stem 
rust. Plant Physiol. 93, 465-470. 
Nasser, W., Tapia, M., Kauffman, S., Montasser-Kouhsari, S. and Burkard, G. 
(1988) Identification and characterization of maize pathogenesis-related 
proteins. Four maize PR proteins are chitinases. Plant Mol. Biol. 11, 529-538. 
Nasser, W., Tapia, M. and Burkard, G. (1990) Maize pathogenesis-related proteins: 
characterization and cellular distribution of 1,3-p-glucanases and chitinases 
induced by brome mosaic virus infection or mercuric chloride treatment. 
Physiol. Mol. Plant Pathol. 36, 1-14. 
Niemeyer, H.M. (1988) Hydroxamic acids (4-hydroxy-l/4-benzoxazin-3-ones), 
defense chemicals in the Gramineae. Phytochem. 27, 3349-3358. 
Odani, S., Koide, T. and Ono, T. (1986) Wheat germ trypsin inhibitors. Isolation 
and structural characterization of single-headed and double-headed inhibitors 
of the Bowman-Birk type. J. Biochem. 100, 975-983. 
Ride, J.P. and Barber, M.S. (1990) Purifícation and characterization of múltiple 
forms of endochitinase from wheat lea ves. Plant Sci. 71, 185-197. 
Roberts, W.K. and Selitrennikoff, C.P. (1986) Isolation and partial characterization 
of two antifungalproteins from barley. Biochim. Biophys. Acta 880, 161-170. 
Sanchez-Monge, R., Gómez, L., García-Olmedo, F. and Salcedo, G. (1986) A 
tetrameric inhibitor of insect a-amylase from barley. FEBS Lett. 207, 105-109. 
Sanchez-Monge, R., García-Olmedo, F., Gómez, L., Royo, ]., Carbonero, P. and 
Salcedo, G. (1988) Genetics of the a-amylase/trypsin inhibitor family in wheat 
and related species. An. Aula Dei 19, 195-205. 
Schlumbaum, A., Mauch, F., Vógeli, U. and Boller, T. (1986) Plant chitinases are 
potent inhibitors of fungal growth. Nature 324, 365-367. 
Silano, V., Furia, M., Gianfreda, Lv Macri, A., Palescandolo, R., Rab, A., Scardi, V., 
Stella, E. and Valfre, E. (1975) Inhibition of amylases from different origins by 
albumins from wheat. Biochim. Biophys. Acta 391, 170-178. 
Slakeski, N., Peilin, X., Jun, W., Ghose, T. K., Baulcombe, D. C. and Fincher, G. B. 
(1991) Molecular analysis and differential expression of the (3-glucan 
endohydrolase gene family in barley. Barley Genetics VI, I, 184. 
Smith, J.J. and Raikhel, N.V. (1989) Nucleotide sequences of cDNA clones 
encoding wheat germ agglutmin isolectins A and D. Plant Mol. Biol. 13, 
601-603. 
Sock, J., Rohringer, R. and Kang, Z. (1990) Extracellular p-l,3-glucanases in stem 
rust-affected and abiotically stressed wheat lea ves. Plant Physiol. 94, 
1376-1389. 
Svendsen, I., Hejgaard, J. and Mundy, J. (1986) Complete amino acid sequence of 
the a-amylase/ subtilisin inhibitor from barley. Carlsberg Res. Commun. 51, 
43-50. 
Svensson, B., Asano, K., Jonassen, I., Poulsen, F.M., Mundy, J. and Svendsen, I. 
(1986) A 10 kd seed protein homologous with an a-amylase inhibitor from 
Indian finger millet. Carlsberg Res. Commun. 51, 493-500. 
Swegle, M., Huang, J.-K., Lee, G. and Muthukrishnan, S. (1989) Identification of 
an endochitinase c-DNA clone from barley aleurone cells. Plant Mol. Biol. 12, 
403-412. 
Van Loon, L.C. (1985) Pathogenesis- related proteins. Plant Mol. Biol. 4, 111-116. 
White, R.F., Rybicki, E.P., Von Wechmar, M.B., DekkerJ.L. and Antoniw, J.F. 
(1987) Detection of PRl-type proteins in Amaranlaceae, Chenopodiaceae, Graminae 
and Solanaceae by immunoelectroblotting. J. Gen. Virol. 68, 2043-2048. 
